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Scores on new forms of a test are equated to those on an old form. Two common equating procedures are linear and equipercentile. Cross-validation is used to show that, with sample sizes of 6,500 and above, equipercentile equating is preferable to linear for the Armed Forces Vocational Aptitude Battery.
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EXECUTIVE SUMMARY
The Armed Services Vocational Aptitude Battery (ASVAB) is used for selection and classification of enlisted personnel. New forms of the ASVAB are developed about every four y'ears, and equated to the reference form 8a. The ideal outcome is that, during operational use of the ASVAB, the distribution of standard scores is the same for all forms. Equating for operational use is based on data collected during Initial Operational Test and Evaluation (IOT&E), sanplic sizes exceed 10,000 per form.
Two equating procedures often used by psychometricians are equipercentile and linear. When samples are small, the equipercentile method has large random errors. Linear equating is more stable-that is, it has smaller random error. However, it suffers from bias, i.e., systematic errors at high and/or low scores, if the two forms have score distributions with different shapes. Linear equating was used for forms 11, 12, and 13 and for all subtests except one in forms 15, 16. and 17.
As sample size increases, the superior stability of linear equating becomes less important while its bias remains the same. The question addressed in this paper is whether IOT&E samples arc large enough to make equipercentile equating preferable to linear. For equipercentile equating in this study, score frequencies were smoothed by a five-point rolling average and a "dogleg" was used-i.e., the equating curve below the fifth percentile was replaced by a straight line.
DATA
Data used in this study were collected from November 1987 to January 1988 during the IOT&E of ASVAB forms 15, 16, and 17. They were provided to CNA by the Air Force Human Resources Laboratory, after some editing to remove errors such as incorrectly coded form numbers. The sample sizes varied from 13,010 for form 17b to 14,963 for form 15a.
METHODOLOGY
For each form the available sample was split into two random, almost equal parts. One part, which will be called the calibration sample, was used for equating; the other part, called the validation sample, was used to evaluate the results of the equating procedures.
The equipercentile method was applied to the validation samples. The resulting standard scores were used as the criterion. For a specific new form, say 15a, the difference between the criterion standard score and the value from linear equating was squared, and averaged over all applicants in the validation sample for form I5a. The square root of this average is the root mean square difference (RMSD) between the linear equating and the criterion. RMSD for equipcrcentile equating was computed the same way. For any given form of a subtest, the method with smaller RMSD was considered to have performed better.
RESULTS AND CONCLUSIONS
The RMSD values show that the equipercentile method cross-validated better in a large majonty of cases. The equipercentile method is superior in 51 of 60 comparisons. If the two mehods work equally well, each has a 0.5 chance of having a lower RMSD. Under this null hypothesis, the chance of one method coming out supenor in 51 of 60 cases is less than 0.0001. Thus, the results represent true superiority of the equipercentile method, and are not a chance occurrence.
For ASVAB forms 15, 16, and 17, equipercentile equating is preferable to linear with .ample sizes of 6,500 to 7,000, and hence even more so with the larger samples available in IOT&E. This conclusion will remain valid for future editions as well unless much greater effort i, made to make new forms parallel to form 8a. New forms of the ASVAB are developed about every four years, and equated to the reference form 8a. The ideal outcome is that, during operational use of the ASVAB, the distribution of standard scores is the same for all forms. Therefore, two scores on different forms of a subtest are equivalent if they have equal percentile ranks in the population of examinees. This is the definition of equipercentile equating [1].
Only a sample of examinees, rather than the entire population, is available in practice. If the sample is small, the random error of equipercentile equating may be unacceptably large. A popular alternative is linear equating, which is more stable-that is, it has much less random error-because it is based only on means and standard deviations of the two forms. However, to the extent that the score distributions of the forms have different shapes, linear equating suffers from bias, i.e., systematic errors, especially at very high and/or low scores.
The choice between linear and equipercentile methods depends on one's judgment about the relative importance of random and systematic error. If the sample is very large, the bias of linear equating exceeds its superiority in random error, and hence the equipercentile procedure is preferable. The opposite is true when the sample is small. The difference between new and old forms determines the "break-even" sample size at which the bias of linear equating just cancels its superior stability against random error. Equipercentile equating is superior above this sample size, which depends on the differences between old and new forms. Suppose the old and new forms of AS are nearly parallel, whereas those of MC differ substantially. Bias is a more serious concern for MC than for AS; therefore, the break-even sample size is smaller.
In practice, of course, the true differences between forms are unknown, and hence so is the break-even sample size. What one can do is to find out which procedure has worked better in the past with the sample sizes available. A new set of ASVAB forms remains operational for about four years. The equating used during this period is based on data from the Initial Operational rest and Evaluation (IOT&E), which has sample sizes of more than 10,000 per form.
The linear piocedure was used for forms 11, 12, and 13 and for all subtests except MIC in forms 15, 16, and 17 (2]. The purpose of this paper is to demonstrate that, with the large samples available in IOT&E, equipercentile equating is preferable to linear equating.
EQUATING PROCEDURES
In the equipercentile method, score frequencies were smoothed with a five-point rolling average using the weights -3/35, 12/35, 17/35, 12/35, and -3/35 given by Angoff ([1], p. 516) , with the following exceptions. Frequencies of zero and perfect scores were left unchanged: those of scores 1 and n-I were replaced by three-point averages with weights 1/4, 1/2, 1/4 (n being the numoer of items). In addition, to reduce random error at low scores, a "dogleg" [31 was used: "ie equating curve at the fifth percentile was connected to the point (-.5,-.5) with a straight line.
The linear equating of this study was the standard procedure using means and standard deviations [ I ], with converted raw scores constrained to lie between -. 5 and n + .5.
In both equating procedures, raw score equivalents on form 8a were converted to the standard score scale by linear transformation [4] . The values were not rounded to integers because rounding adds noise to the data. Standard scores below 20 were replaced by 20, and those above 80 by 80.
DATA
Data used in this study were collected from November 1987 to January 1988 during the IOT&E of ASVAB forms 15, 16, and 17. They were provided to CNA by the Air Force Human Resources Laboratory, after some editing to remove errors such as incorrectly coded form numbers. Because of an error in one item, MK form 15b data collected in November were discarded. Apart from this, the sample size was the same for all subtests in a given form. The sample sizes varied from 13,010 for form 17b to 14,963 for form 15a.
METHODOLOGY
Ideally, an equating based on the IOT&E should be evaluated using the subsequent operational data. When such data are not in hand, one can use cross-validation. Six new ASVAB forms are constructed at one time. Thus, during IOT&E of forms 15, 16, and 17, six new forms and form 8a were administered to equivalent samples of applicants to the military services. For each form the available sample was split into two random, almost equal parts. One part, which will be called the calibration sample, was used for equating; the other part, called the validation sample, was used to evaluate the results of the equating procedures.
The basic question is whether, in the validation samples, standard scores on old and new forms have identical distributions. In principle, this can be addressed directly by examining cumulative distributions of standard scores. In practice, however, this leads to serious difficultics because a given raw score is converted into different standard scores for different forms.
A simpler approach is to apply the equipercentile method to the validation samples, and compare the resulting standard scores with those obtained from the calibration samples.
Standard scores obtained from the validation samples were used as the criterion. (To avoid biasing the analysis in favor of equipercentile equating, neither smoothing nor dogleg was used in the criterion equating.) Denote the criterion standard scores by SS C . Let SSL and SSE be standard scores obtained by applying the linear and equipercentile procedures to the calibration samples. For a specific new form, say 15a, the difference (SSL-SSC) was squared and averaged over all applicants in the validation sample for form 15a. The square root of this average is the root mean square difference (RMSD) between the linear equating and the criterion. (This statistic is similar in spirit but not in detail to that used by Kolen [5] .) RMSD for equipercentile equating was computed the same way. For any given form of a subtest, the metijod with smaller RMSD was considered to have performed better.
Another summary statistic is the average absolute difference (AAD). It is obtained by computing the mean of the absolute value of the difference. Again, a smaller AAD represents better performance.
RESULTS AND CONCLUSIONS
Table I presents the RMSD values for all forms of all subtests. They show that the equipercentile method cross-validated better in a large majority of cases. If we exclude MC, for which linear equating has already been found to be inadequate [2], the equipercentile method is superior in 51 of 60 comparisons. If the two methods work equally well, each has a 0.5 chance of having a lower RMSD. Under this null hypothesis, the chance of one method coming out superior in 51 of 60 cases is less than 0.0001. Table 2 presents the AAD values. Again the superiority of the equipercentile method is evident, with AAD for the equipercentile being smaller in 52 of the 60 cases excluding MC.
Note that the equatings were carried out with half the IOT&E sample. Thus, with sample sizes around 6,500 to 7,000, the equipercentile method turns out to be preferable to linear equating. The superiority of the former will be even more striking with the full IOT&E samples because, as sample size increases, the superior stability of linear equating becomes less important while its bias remains the same. How does the bias of linear equating depend on raw scores? Results of simulations show that bias is minimal near the mean score, and large at high and low scores [6] .
The relative merits of the two methods also depend on the degree to which old and new fon '7 differ. When new forms of the ASVAB are developed, efforts are made to make them parallel to the reference form by careful selection of items from overlength versions of the new forms. Some differences remain, due to the limited sizes of the overlength forms and of the recruit samples. Unless these are increased substantially, future ASVAB forms will differ from form 8a to roughly the same extent as forms 15, 16, and 17; hence, the conclusion of this paper will remain applicable. 
